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Formic acid is the smallest member of the family of saturated monocarboxylic acids; it is a colorless liquid with a tangy odor and a density of 1.22 gram/ cm³. It dissolves in water, alcohol, and ether at all proportions. It burns when it comes in contact with skin. If it is heated to 160 °C, it decomposes into carbon dioxide and hydrogen. It exists freely in nature in wood tar, nettles, ants, perspiration, urine and bouillon. Formic acid pollutes water and can spread through the air. Methyl alcohol is transformed into formaldehyde and formic acid by the body's metabolism; its toxicity is due to the acidosis resulting from the formic acid. As a result of this acidosis, nerve damage to the retina and, depending upon the degree of severity, blindness and eventually death may occur (1, 2) . Most of the formic acid in tissues is oxidized via a tetrahydrofolic aciddependent pathway to CO 2 and H 2 O, such as in the liver, erythrocytes and kidneys (2) . Literature on the carcinogenic and mutagenic effects of formic acid is quite limited. Tests of sister-chromatid exchange (SCE) performed on the typhimurium strains TA100, TA1535, TA97 and TA98 of Salmonella did not find it to be mutagenic. However, mutagenicity was reported in a test conducted on induction of sexlinked recessive lethal mutations as well as another study conducted on chromosomal aberrations (3, 4) .
The present work is focused on in vitro analysis of cytotoxic and genotoxic effects of formic acid, using cytogenetic tests such as the cytokinesis-block micronucleus assay and chromosomal aberration analysis in human lymphocytes. 
MATERIALS and METHODS
This study was carried out using blood samples from healthy, non-smoking adults aged 18-22 years, of whom 10 were male and 6 were famale. Donors provided written, informed consent at the time of donation for the use of their blood samples.
Heparinized whole blood (0.4 ml) was added to 5 ml chromosome medium (Biochrome). Cultures were incubated at 37 °C for 72 h. Human lymphocytes were then exposed to different concentrations 
RESULTS
Compared to the other groups, an insignificant number of chromosomal aberrations was found in the metaphases obtained from the blood samples taken from the negative control group where no formic acid was added to the culture (Fig. 1A) . where the number of metaphases was very low, and as a result the mitotic index was significantly decreased.
After a trial was performed, it was determined that an activation period of 24 hours was suitable and that a longer period would prevent mitotic division.
It was determined that the chromosomes condensed in the metaphases appeared filose and had a banded appearance (Fig. 1B) . It was further observed that inhibition of cell division continued, but chromosomal anomalies in the metaphases were better visualized at an administered dose of 0.5 mM formic acid (Fig. 1C) . Banding in chromosomes and chromosome combinations were then observed more clearly. After treatment with 0.4 mM formic acid, it was observed that mitosis was inhibited and that there were breaks in the chromatids and chromosomes in the metaphases (Fig. 1D) . Fig. 2A-G) . There was a positive correlation between MN frequency, the number of apoptotic cells (r=0.91), and the number of necrotic cells (r= 0.95) (Fig. 3A-C) .
DISCUSSION
One of the most sensitive methods used to determine the genotoxic risks of mutagens and carcinogens is assessing the frequency of chromosome aberration (CA) in peripheral blood lymphocytes (11, 12) . Chromosome aberrations occur due to damage at the DNA level. For instance, chromosome breaks may be caused by unrepaired double chain breaks in the DNA, and the emergence of chromosomes with a new structure may be caused by the false repair of chain breaks in the DNA (13) .
Due to the fact that the mechanisms by which chromosomal anomalies emergence resemble each another in different tissues, the level of anomalies in lymphocytes is considered to be an indication of the level of anomalies in other tissues that tend to be cancerous; thus it is also an indicator of cancer risk (14, 15 
